G lYBURIDE and glipizide are commonly used sulfonylurea antidiabetic drugs (1) . However, the effect of glyburide and glipizide may be altered by drugs that inhibit CYP2C9, a cytochrome P450 enzyme involved in glyburide and glipizide metabolism in the liver (2, 3) . Co-trimoxazole, a combination of trimethoprim and sulfamethoxazole, was found to inhibit the activities of CYP2C9 (3). Juurlink and coworkers reported that use of co-trimoxazole is associated with a sixfold greater risk of hospitalization for hypoglycemia among older patients taking glyburide in Canada, compared with those using amoxicillin (4) . Similarly, Schelleman and coworkers reported that use of co-trimoxazole is associated with 3 times higher odds of hospitalization due to hypoglycemia among Medicaid patients who took glipizide, using cephalexin as the reference (5) . Patients with diabetes are more susceptible to infection because of their hyperglycemic environment and impaired immune function (6) . Although co-trimoxazole is generally considered a safe broad-spectrum antibiotic, it should be avoided in diabetic patients taking glyburide or glipizide (7) .
Few studies have evaluated the prevalence of exposure to potential drug interactions (8, 9) . For example, a recent hospitalbased study found that 80% of older patients with polypharmacy (>5 drugs) had been exposed to at least one of the 238 potential cytochrome P450-mediated drug-drug interactions during their stay in a community hospital (9) . little is known about the prevalence of clinically significant drug interactions in outpatient settings. This study assessed the prevalence of coadministration of co-trimoxazole with sulfonylureas and risk of subsequent emergency room (ER) visits for hypoglycemia among older patients with diabetes. We also examined the pattern of such coadministration, associated factors, and its geographic variation across the United States. We hypothesized that patients with poor access to primary care, those with multiple prescribers and those on a greater number of medications would have higher risk of exposure to potential drug interaction. 
Methods

Study Cohort
Using the 5% sample of national Medicare claims data, we identified beneficiaries aged 66 years or older as of January 1, 2008 To study hypoglycemia events after co-trimoxazole exposure, we extracted a subcohort from the main study cohort described earlier using Medicare Part D claims. The subcohort consisted of sulfonylurea (glipizide or glyburide) users with at least one episode of coadministration of co-trimoxazole, amoxicillin, cephalexin, or azithromycin. A coadministration episode was defined as at least 1 day's overlap of the antibiotic and sulfonylurea based on their fill dates and days of supply. For example, a glyburide prescription on May 1, 2008 with 30 days of supply and also a co-trimoxazole prescription on May 20, 2008 with 10 days of supply was identified as an episode of coadministration of co-trimoxazole and glyburide. Amoxicillin, cephalexin, or azithromycin were chosen as the reference antibiotics because there is neither a plausible mechanism nor prior evidence that suggests that they interact with sulfonylurea. Episodes overlapping with other oral or injected antimicrobials in the 14-day window of prescription of the index antibiotic were excluded. The final subcohort consisted of 10,352 glipizide users with 21,473 episodes of index antibiotic coprescription and 7,836 glyburide users with 16,154 episodes of index antibiotic coprescription.
Outcome Measures
The two outcome measures were (a) coadministration of cotrimoxazole with glyburide or glipizide and (b) ER visits for hypoglycemia within 14 days after coadministration of co-trimoxazole or a reference antibiotic with glyburide or glipizide.
Coadministration of co-trimoxazole with glyburide or glipizide.-For each glyburide or glipizide user in the main study cohort, we tracked their claims for the prescription of co-trimoxazole. The Medicare Part D claims provide data on a prescription's fill date and days of supply. Coadministration of co-trimoxazole with glyburide or glipizide was defined as mentioned earlier.
ER visits for hypoglycemia.-For each episode of coadministration of a sulfonylurea and one of the antibiotics in the subcohort, we reviewed the Carrier, Outpatient Statistical Analysis Files, and MEDPAR claims for ER visits due to hypoglycemia within 14 days after the antibiotic prescription was filled. ER visits with no hospital admission were identified from Carrier files and Outpatient Statistical Analysis Files using the Healthcare Common Procedure Coding System codes (99281-99285), revenue center codes 0450-0459 and 0981. ER visits resulting in hospital admission were identified from MEDPAR claims using the Emergency Room Charge Amount field in which the amount is more than $0. Then we used an algorithm developed and validated by Ginde and coworkers to identify ER visits due to hypoglycemia (10) . Specifically, hypoglycemia was identified if a claim had 
Explanatory Variables
Age (67-74, 75-84, and 85+ years) and race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, and other) were obtained from the Medicare Part D denominator file. We used the ICD-9-CM coding algorithm modified by Quan and coworkers (11) to identify patient comorbid conditions from the Medicare outpatient and inpatient claims in 2007 using the Elixhauser method (12) . The number of comorbidities was categorized as 0, 1, 2, 3, or more. We defined a patient as having an identifiable primary care physician (PCP) if he or she saw a physician who specialized in family medicine, general practice, internal medicine, or geriatrics on two or more occasions in an outpatient setting for evaluation and management (Current Procedural Terminology codes 99201-99205 and 99211-99215) in the year 2007 (13, 14) . A validation study found 82.6% concordance between PCPs identified from the claim-based algorithm and those from patient self-reports (14) . We reviewed patients' MEDPAR claims in 2007 for the number of hospitalizations (none vs 1 or more). As a measure of polypharmacy, the number of different oral medications on the 
Statistical Analysis
Descriptive statistics were used for sample characteristics and for rates of co-trimoxazole prescription by patient characteristics.
For participants in the main study cohort, logistic regression modeling was used to assess the patient characteristics associated with co-trimoxazole prescription. We calculated the HRR-level rates of co-trimoxazole prescription and created a map to describe the variation in co-trimoxazole prescription across the United States by HRR. The Pearson correlation tests were used to assess the association between HRR characteristics and co-trimoxazole prescription. For HRR-level analyses, we deleted the 17 HRRs with fewer than 20 patients in the study cohort. The remaining HRRs (289 of 306) had an average of 117 patients (range: 20-964).
For participants in the subcohort of glipzide/glyburide users with coadministration of co-trimoxazole, amoxicillin, cephalexin, or azithromycin, we used descriptive statistics to describe pattern of use and estimate the rates of ER visits for hypoglycemia within 14 days after the index antibiotics prescription. The mixed effects logistic regression modeling was used to compare the risk of ER visits for hypoglycemia in those with co-trimoxazole prescription vs those prescribed a reference antibiotic (amoxicillin, cephalexin, or azithromycin). We adjusted for age, sex, race/ethnicity, Medicaid eligibility, comorbidity, number of hospitalizations in the previous year, and the clustering of multiple episodes within-patient.
We used SAS version 9.3 (SAS Institute, Cary, NC) for data extraction and statistical analyses and ArcGIS (ESRI, Redlands, CA) for mapping.
Results
Overall, 30.3% of the older patients with diabetes diagnosed as of December 31, 2007 were prescribed glyburide (13.9%) or glipizide (18.0%) during 2008-2010. A great majority of them were on the medicine for 6 months or longer (85.2% for glyburide users and 83.7% for glipizide users). Among those on glyburide or glipizide, 16 .6% received a co-trimoxazole prescription during 2008-2010 while they were concurrently prescribed glyburide or glipizide: 16.3% for those taking glyburide and 17.1% for those taking glipizide. Table 1 shows the rates of co-trimoxazole prescription among patients taking glipizide or glyburide, by patient characteristics. The rates of co-trimoxazole prescription were higher among those aged 85 or older, women, non-Hispanic whites, those eligible for Medicaid, those with two or more comorbidities, and those with at least one hospitalization in the previous year. After controlling for other factors in the model, patients with an identifiable PCP had a lower risk of receiving co-trimoxazole, compared with those with no identifiable PCP (odds ratio: 0.88, 95% confidence interval: 0.83-0.93). Patients taking 5-9 and 10+ different oral medications had a 44% and 86% greater risk, respectively, of receiving a co-trimoxazole prescription, compared with patients taking 1-4 medications. Patients with 4-7 and 8+ different prescribers had a 34% and 93% greater risk, respectively, of receiving a cotrimoxazole prescription, compared with patients with 1-3 prescribers (Table 1) . Table 2 shows the pattern of use and ER visits for hypoglycemia within 14 days after coadministration of co-trimoxazole with glyburide/glipizide. The majority (>80%) of the co-trimoxazole and glyburide/glipizide prescriptions were filled at the same pharmacy and more than half were prescribed by the same prescriber. Among patients with a coadministration of co-trimoxazole with sulfonylruea, about 87% had at least 5 days of overlap. Table 2 also shows that those prescribed co-trimoxazole had higher rates of ER visits for hypoglycemia than those prescribed reference antibiotics (1.23% for glipizide and 0.88% for glyburide users, respectively, vs 0.25%-0.44% for those prescribed amoxicilline, cephalexin, or azithromycin). After adjusting for patient demographics and comorbidities, co-trimoxazole users were 2.2-4.8 times more likely to have a hypoglycemia-related ER visit than those prescribed reference antibiotics. Figure 1 shows that the U.S. HRRs varied substantially (average 17.9%, range: 4.0%-35.9%) in the proportion of sulfonylurea users who were also prescribed co-trimoxazole in 2008-2010. In the 29 HRRs in the lowest decile, the average proportion of patients who received a co-trimoxazole prescription was 8.6% vs 28.8% for the 31 HRRs in the highest decile. Most HRRs with high rates of co-trimoxazole prescriptions were located in the South region. Table 3 presents the associations between HRR characteristics and risk of coprescription of co-trimoxazole for diabetic patients taking glyburide or glipizide. More PCPs per capita in the HRR was associated with a lower risk of co-trimoxazole prescription (r = −.23, p < .001). Among all oral medications prescribed during 2007-2008, an average of 4.1% were antibiotics (range: 2.8%-5.7%). A higher rate of antibiotics prescription in the HRR was associated with a higher rate of coadministration of co-trimoxazole with sulfonylureas (r = .26, p < .001). The HRR-level average rate of co-trimoxazole prescription among all oral antibiotics was 9.0% (range: 3.8%-14.2%). HRRs with a greater rate of co-trimoxazole use also had a higher rate of coadministration of co-trimoxazole with sulfonylureas (r = .46, p < .001).
Discussion
Hospitalizations for hypoglycemia are prevalent among older patients with diabetes on sulfonylureas, with a reported rate of 12.3 hospitalizations per 1,000 patients per year (16) . Such events are associated with a number of poor outcomes, including declining cognition and death (17, 18) . Avoiding prescription of interacting drug is an important strategy for reducing hospitalizations for hypoglycemia. However, our study found that many older diabetic patients on sulfonylureas were exposed to one well-described drug interaction. We estimated that 32.1% of older patients with diabetes were on glyburide or glipizide. Among these glyburide or glipizide users, 16.6% also had a co-trimoxazole prescription over a 3-year period. The rate was as high as 35.9% in certain areas. In 2011, an estimated 8.7 million older adults were diagnosed with diabetes (19) . Extrapolating our estimates of hypoglycemia incidence to U.S. older patients with diabetes diagnosed as of 2011, about 5,700 ER visits for hypoglycemia in the period 2011-2013 may be attributable to adverse drug interaction of cotrimoxazole and sulfonylureas.
Both polypharmacy and greater number of different prescribers were associated with greater risk for coadministration of co-trimoxazole with glyburide or glipizide (9). These associations were independent of each other and of the number of comorbidities in the multivariable adjusted model. Patients with diabetes generally take more medications than nondiabetic patients (20) . In our study cohort, 57.4% of patients took on average of five or more different oral medications.
Greater access to primary care is associated with better preventive and chronic care management and better overall health (21, 22) . For example, individuals with a PCP are more likely to receive influenza vaccination, health promotion counseling, and cancer screening (13, 23) . Our study found that diabetic patients on glyburide or glipizide with a PCP had less likelihood of receiving a cotrimoxazole prescription than those with no identifiable PCP. In addition, HRRs with more PCPs per capita had significantly lower rates of concurrent use of co-trimoxazole with glyburide or glipizide. Our findings concur with those from McWilliams and coworkers (24) that a strong primary care orientation was associated with better quality of diabetes care. Unlike the matched case-control studies by Juurlink and coworkers (4) and Schelleman and coworkers (5), we used a population-based retrospective cohort design. Our results support the previous findings of Juurlink and coworkers (4) and Schelleman and coworkers (5) that coadministration of co-trimoxazole with glyburide or glipizide was associated with significantly higher risk of severe hypoglycemia events. The association of co-trimoxazole with hypoglycemia-related ER visits or hospitalization could reflect the presence of an acute infection with resulting poor calorie intake and increased energy expenditure, rather than a drug effect (25) . This was controlled for by using patients treated with other antibiotics as the reference group.
A recent systematic review concluded that current clinical standards for diabetes care do not sufficiently incorporate evidence about increased risk for hypoglycemia in vulnerable populations (26) . The case of concurrent use of co-trimoxazole with glyburide or glipizide is an excellent example. The study by Juurlink and coworkers (4) was published in 2003 in a high visibility journal. However, we are not aware of any guideline (eg, clinical standards for diabetes care) (27) that warns against co-trimoxazole use in diabetic patients taking glyburide or glipizide. The Physicians' Desk Reference states that co-trimoxazole potentiates oral hypoglycemics without specifying which ones (28) .
A number of interventions have been shown to reduce inappropriate prescribing in other settings, including Electronic Medical Record-based alerts, computerized physician order entry and pharmacist interventions (29, 30) . Our data showed that over 80% of the prescriptions for the coadministration prescriptions were filled at the same pharmacy, suggesting the dispensing pharmacist as a potential point of intervention. For example, the use of computerized prescription entry and drug interaction screening in community pharmacies resulted in 62.8% reduction of pharmacy-dispensed prescriptions with severe drug interactions (31) . A randomized trial found that 70% medication issues could be resolved if pharmacists routinely review patient prescription history and medical records (29) . Such pharmacist-led interventions require communication across information technologies and can be incentivized by reimbursing pharmacist for providing such services (32) .
We also found that about a half of the coadministration prescriptions were prescribed by the same prescriber, while the other half were from different prescribers. Also, patients with more prescribers had a significantly higher likelihood of receiving a co-trimoxazole prescription. Interventions to enhance physicians' knowledge of potential drugdrug interactions, minimize the number of providers for a patient, and improve care coordination among providers are needed to reduce the coadministration of drugs with potential interactions (33) . A recent published study found that displaying posters in physician offices stating that the provider was committed to following prescription guidelines for antibiotics reduced inappropriate antibiotic prescribing by 20% (34) . A similar approach has been proposed to reduce potential drug-drug interactions by posting in the physician offices a short-list of high-alert drugs especially prone to drug interactions (35) .
Medicare Part D was implemented in 2006. In 2012, approximately 65% of Medicare beneficiaries were enrolled in Part D plans (36) . The availability of Medicare Part D claims data allows investigators to examine national patterns of drug use in Medicare recipients. Our study demonstrates that Medicare Part D data can be used to examine specific prescription issues, such as prevalence of potential drug interactions. This information can then inform decisions about interventions to improve prescribing practices.
The study has several limitations. First, claims data do not contain information on whether the patient actually takes the prescribed medication. We identified only those severe hypoglycemia events that resulted in an ER visit. Also, we could not track whether patients underwent closer monitoring during their use of co-trimoxazole concurrently with glipizide or glyburide. Claims data could not capture patients who stopped taking their medication or who took it less often while taking co-trimoxazole. In addition, we excluded patients with Health Maintenance Organization enrollment and those without Medicare Part D coverage because their medical or prescription claims were not completely captured in Medicare data. Finally, we found substantial geographic variation in the concurrent use of co-trimoxazole with glyburide or glipizide in the United States, with HRRs in the South having higher rates. Other studies have also reported problematic prescription patterns in the U.S. South. For example, Qato and coworkers found that a greater percentage of older enrollees of the Medicare Advantage Plans in the South received highrisk medications (37) . Zhang and coworkers found that antibiotic use was highest in the South, with 21.4% of Medicare Part D enrollees per quarter filling a script (38) . This geographic variation may be associated with different prescription patterns among providers in different regions. Our study used a 5% sample of national Medicare data, which could not provide a sufficient number of patients per physician to study physician-level measures. However, prescriber-level measures can be estimated using 100% Medicare data. For example, a recent report from the Office of the Inspector General of the Health and Human Services Department identified 736 general-care physicians who had questionable prescribing patterns, using 100% Medicare Part D data in 2009 (39) .
In conclusion, the coadministration of co-trimoxazole with sulfonylureas is associated with increased risk of hypoglycemia. Such coadministration is prevalent among older diabetic patients and varies substantially across U.S. geographic regions. Interventions to enhance physicians' knowledge of potential drug interactions, reduce polypharmacy, increase access to PCPs, and improve care coordination among providers should be considered to reduce the risk of prescribing potentially interacting drugs.
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